This paper describes a modified and improved plankton trap for use on rocky shores. The trap is composed of a simple filtering device and collection bag which allows assessment of spatial and temporal variation of on-shore larval supply.
In recent years the importance of supply side ecology, that is the role of larval input in determining local population dynamics of open systems, in structuring intertidal communities has been widely recognized [e.g. (Underwood and Denley, 1984; Gaines and Roughgarden, 1985; Roughgarden et al., 1988; Underwood and Fairweather, 1989; Caley et al., 1996) ]. Open populations, such as those of barnacles, depend on the return and settlement of planktonic larvae to balance losses due to local mortality. The study of supply side ecology is, therefore, essential to an understanding of on-shore community dynamics. Investigations focused on the dynamics of larval supply have often involved the collection of late developmental stages of larvae (e.g. the cyprids of barnacles) that are approaching settlement to assess potential on-shore supply. Traditional studies of the supply of larvae have typically used nets or pumps to assess the distribution of a variety of larval stages. These methods, however, are only useful for semiinstantaneous estimates (Castilla and Varas, 1998) , are limited to open waters and are often not practical in the surf zone of exposed rocky shores, due to physical constraints such as high waves and tidal currents (Setran, 1992) . The current drive to estimate larval supply has resulted in several new sampling methods, including some passive plankton traps based on the principle of sediment traps [see (Yund et al., 1991; Setran, 1992; Castilla and Varas, 1998; Jeffery and Underwood, 2000; Castilla et al., 2001) ]. Filter-cup traps (Castilla and Varas, 1998; Jeffery and Underwood, 2000; Castilla et al., 2001) have proved effective in estimating larval supply on exposed shores, however, they are rather expensive and their installation process is complex, especially if a large number of traps are used. The current paper describes an improved and simplified plankton trap, modified from Castilla and Varas's (Castilla and Varas, 1998) design, that can be easily installed on exposed rocky shores. Spatial and temporal variation in the composition, distribution, and abundance of zooplankton supply to the exposed rocky shores at Cape d'Aguilar, Hong Kong were studied to assess the practicality and success of using these traps for ecological studies.
The main body of the trap consists of a single filter-cup, a plastic filter-funnel and a plankton net bag ( Figure 1 ). The filter-cup is made from a section of commercially available 100 mm PVC water pipe which has screw threads at both ends (for screwing in of the top and the base), 11 cm in diameter and 10.5 cm long (Figure 1 , B4, C4). The side of the cup was cut with four, 3.6 cm diameter, circular openings. The filter-funnel is made of a 10 cm diameter PVC cup with a 3 cm diameter hole cut in the centre. A PVC pipe (3 cm diameter, 4 cm in length and the surface drilled with holes to allow water to drain) was then connected to the bottom opening of the cup. A plastic floating ball (3 cm diameter) was placed in the plastic pipe and the end of the pipe sealed with a 3.5 cm diameter Perspex plate. As a result, a filter-funnel with a one-way valve system, which prevents back-flow of water, was constructed ( Figure 1, B2, C2 ). The filter-funnel was then fitted tightly into the external filter-cup so that the interface between the funnel and the cup could firmly hold a 100 mm plankton net bag which will collect samples and allow water to drain (Figure 1 , B3, C3). A 12 cm PVC removable top piece, with a 6 cm diameter hole in the centre, was screwed on the top of the filter-cup to mount the funnel within the cup (Figure 1 , B1, C1). To secure the trap to the substratum, a 13 cm PVC removable base plate was secured by three screws into 6 mm diameter rawl plugs fixed into holes drilled into the base rock ( Figure 1 , B5, C5). The filter-cup section was, therefore, screwed onto this basal plate, the plankton net fixed via the filterfunnel inside the cup and the unit sealed by screwing on the top piece ( Figure 1 ). When the trap is not being used to collect samples, the main unit can simply be removed, leaving the base plate on the shore.
The relative water flow through the trap was estimated by dissolution of plaster of Paris blocks [ Figure 1A (Doty, 1971) ]. The weight loss from each block is known to be proportional to water-flow over a wide range of measurements ( Jokiel and Morrissey, 1993) . Cylindrical blocks of plaster of Paris (8:10 water/powder) were prepared in the laboratory and the percentage mass lost from each block on the shore over 24 h used as a measure of water flow. Each trap was set with two blocks (2 cm in diameter, 1.8 cm long) of known dry weights (25-35 g), one placed internally at the bottom of the plankton net, underneath the filter-cup (to measure through-flow) and the other attached to a 7 Â 4 Â 0.1 cm PVC plate, secured to the substratum next to the plankton trap (to measure flow on the shore). All blocks were retrieved at the same time as the traps, dried at 60 C for 24 h, and reweighed to ascertain the percentage mass lost ( Jokiel and Morrissey, 1993) .
In order to evaluate the performance of the traps, and to investigate spatial and temporal variation in species richness and abundance of zooplankton supply, sets of traps were established on two intertidal platforms at Cape d'Aguilar Marine Reserve, Hong Kong (22 17 0 N, 114 09 0 E, Figure 1A ). This area is characterized by steep cliffs and is exposed to oceanic wave action including storms during winter and typhoons in summer [see (Morton and Harper, 1995) ]. The two platforms, approximately 30 m apart and <30 slope, were of similar exposure, both directly exposed to the incoming waves. Three traps were positioned within 2 m on each platform at 2.25 m above Chart Datum, the lower limit of the dominant high shore barnacle, Chthamalus malayensis, and the upper limit of the mid shore barnacle, Tetraclita japonica [ (Chan et al., 2001) Figure 1A ]. The basal plates of the traps were fixed onto the shore during low water spring tide, allowing the main body of the trap to be attached when necessary.
Traps and plaster of Paris blocks were set and sampled for five separate 24 h periods, on 30 August, 5, 15 and 29 September and 28 October 2001. Both platforms were sampled concurrently and the three traps and plaster of Paris blocks were deployed and then removed from each location during daytime low tides. At each sample time the filter-cups were removed and the plankton bags changed. Bags were immersed in 5% formaldehyde overnight before setting in the traps to kill the newly trapped plankton and prevent predation inside the traps. Observations of plankton samples taken from the plankton net within 10 min of being collected from the field revealed that the plankton were dead, confirming the formalin was concentrated enough to achieve this purpose. Samples collected were further fixed in 5% formaldehyde and later transferred into 70% alcohol and scored under a binocular microscope. Copepods and barnacle nauplii were identified to species, whereas other zooplankton were identified to genus level. No attempt was made to identify the phytoplankton present.
Sixteen taxa, including 46 species belonging to five phyla, were recorded during the sampling period (Table I) . Copepods were the most abundant group accounting for 43.5% of the total species. Other zooplankton that frequently occurred in the traps included barnacle nauplii (13.0%) and mollusc larvae (10.9%). In terms of the number of individuals, barnacle nauplii and copepods comprised $57% and 39% of the total numbers respectively and were the most abundant zooplankton groups, whilst barnacle cyprids and molluscan larvae constituted only 1.4% and 0.7%, respectively. The size of individuals ranged between $125 mm (bivalve larvae) and 3285 mm (Amphipoda). In terms of the composition of species, results were similar to those reported by Chan (Chan, 1995) who used a plankton net trawl in the coastal area near Cape d'Aguilar. Chan (Chan, 1995) , for example, recorded 18 copepod species as compared with 19 species recorded here (Table I) . The traps, therefore, appear to provide an integrated measure of the diversity and abundance of most zooplankton in the near shore waters of the exposed rocky intertidal in Hong Kong. The number of individuals within the three major taxa varied significantly among dates (Figure 2 , Table II ). On a Fig. 2 . Mean number of individuals of copepods, barnacle nauplii and cyprid larvae collected by traps on two exposed intertidal platforms on respective sampling dates (n = 3, +SD). between-day temporal scale there were significant differences in the abundance of cyprids, copepods and naupliar larvae (Figure 2 , Table II ), reflecting variability in supply among dates. Comparison of the two platforms, within a tidal interval among dates sampled, indicated a significant difference in the abundance of copepods and barnacle nauplii, probably as a result of the greater number trapped on the 5th September, when more were collected from traps at platform 2 than platform 1 (Figure 2) . This suggests, therefore, that the variation of individuals per 24 h recorded between the two platforms, 30 m apart, reflects patchiness associated with plankton supply at this spatial scale ( Figure 2) .
As the three traps on each platform were located with similar orientation and tidal height and sampled for the same duration, the assumption is that the traps at both platforms should have sampled similar amounts of water. This was indirectly verified by no significant difference in weight loss of plaster of Paris blocks outside or inside the traps between the two platforms ( Figure 3 , Table III ), although loss rate did vary with time (days).
The traps described in the present study appear an improvement on those designed by Castilla and Varas (Castilla and Varas, 1998) and Castilla et al. (Castilla et al., 2001) in several aspects. Firstly, the traps are easily installed and sampled in wave-exposed habitats, as their filtering cup is readily detachable (only 1-2 min to change one trap during low tides), which allows rapid placement and retrieval, as opposed to 10-15 min for the design of Castilla and Varas (Castilla and Varas, 1998) . Changing 50 plankton net bags, for example, only takes 1-2 h during low tide (Yan, unpublished data) . Secondly, the present design has increased the volume of the filter-funnel [275 cm 3 in the present study as compared with 180 cm 3 in (Castilla et al., 2001) ] which will enhance the rate of water flowing into the trap and hence overall sample volume. This increase may be useful in collecting less common plankton items (Castilla et al., 2001) . In addition, the components of the traps were made from easily available, low cost, PVC tubes. Lastly, the filter net bag can be replaced with different mesh sizes which allows the potential for selective sampling, based on the target organism size. This trap is therefore simple, easy to deploy and provides a very useful tool for comparative studies of on-shore plankton supply on exposed rocky shores. With such continued improvements in plankton trap design, the supply of larval stages to the intertidal can be more easily studied, allowing fundamental questions regarding the transport, dispersal, and recruitment of larval organisms to and from these habitats to be better addressed.
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